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(54) Pyrolysis liquid-in-diesel oil microemuisions 



(57) A novel diesel engine fuel is in the form of a 
pyrolysis liquid-in-diesel oil microemulsion fuel compris- 
ing: (a) diesel oil in an amount sufficient to form a con- 
tinuous phase in the composition; (b) a pyrolysis liquid 
forming a discontinuous phase in the composition, this 
pyrolysis liquid being a liquid obtained by rapid pyrolysis 



of biomass; and (c) at least one emulsifier selected from 
nonionic hydrophilic surfactants with HLB between 4 
and 18, derived from fatty acids and polyoxyethylene 
glycol or fatty acids, sorbitol and polyoxyethylene or 
polyethoxylated alcohols with long aliphatic chains. This 
fuel has excellent stability and physical properties sim- 
ilar to those of regular diesel fuel. 
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Description 

Background of the Invention 

5 The present invention relates to novel engine fuels and, in particular, an extender for diesel fuels. 

There is an ongoing interest in finding replacements for fossil fuels and this has been a particular interest in relation 
to diesel fuels, which are typically not as highly refined as automotive gasolines. For instance, U.S. Patent 5,380,343 
describes a diesel fuel which is a mlcroemulsion fuel prepared from about 70-99% alcohol-fatty acid esters, about 
1-30% alcohol and less than 1% alkali metal soap. In U.S. Patent 5.203,878 there are described various additive 
?o components for diesel oil, including camphor and benzoic acid. 

Among various substitutes for diesel oil, consideration has been given by researchers to liquids obtained by the 
pyrolysis of biomass. Of particular interest are pyrolysis liquids obtained by fast pyrolysis procedures such as described 
in Berg, Canadian Patent No. 1,283,880. Free! et al, EP 0,513,051 and Scott et al., U.S. Patent No. 4,880,473. Fast 
pyrolysis is an intense, short duration process that can be carried out in a variety of reaction systems. These systems 
have the ability to achieve extremely rapid feedstock heating while limiting the reaction to very short times by rapid 
cooling which stops the chemical reactions before valuable intermediates can degrade to non-reactive, low-value final 
products. Typical systems for the above process include a fluidized bed or transport reactor Apparent residence times 
for volatiles are typically in the range of about 30 ms to 2 seconds, at temperatures in the range of 400-950°C. Heating 
rates of the feedstock are typically in the range of 1,000 to 1,000,000°C per second. The pyrolysis liquids obtained, 
which have the consistency of crude petroleum oil, are well known in industry and are very different products from the 
biomass from which they are derived. 

These pyrolysis liquids are low in sulphur and combust cleanly. Unfortunately, they are rich in oxygenated functional 
groups and thus are acidic, hard to ignite and of low calorific values compared with petroleum-based fuel oils. Thus, 
when these pyrolysis liquids are used in a diesel engine, they tend to corrode the fuel delivery system. Attempts have 
been made to modify diesel engines to directly use these pyrolysis liquids, but it obviously would be much more sat- 
isfactory if the pyrolysis liquids could be modified so that they could be used directly in existing diesel engines without 
modification to the engines. 

It is known that pyrolysis liquids have lower calorific values than regular diesel fuel because of high levels of oxygen 
originating from trees. This is ordinarily understood to mean reduced engine performance. However, it has been found 
30 that when pyrolysis liquids are used as diesel oil substitute, the overall engine performance remains the same because 
of increased combustion efficiency in the combustion chambers, and particles emission is substantially reduced be- 
cause of reduced soot formation. 

The liquid product obtained from rapid pyrolysis contains a substantial amount of water, acidic components and 
ash. This liquid is immiscible with regular hydrocarbon based diesel oil. 

It is the object of the present invention to develop a suitable blend of a pyrolysis liquid obtained by rapid pyrolysis 
of biomass with diesel oil that can be used as diesel engine fuel. 

Summary of the Invention 

The present invention in its broadest aspect relates to a pyrolysis liquid-in-diesel oil mlcroemulsion fuel comprising: 

(a) diesel oil in an amount sufficient to form a continuous phase in the composition; 

(b) a pyrolysis liquid forming a discontinuous phase in the composition, this pyrolysis liquid being a liquid obtained 
by rapid pyrolysis of biomass; and 

(c) at least one emulsifier selected from nonionic hydrophilic surfactants with HLB between 4 and 18, derived from 
fatty acids and polyoxyethy lene glycol, or fatty acids, sorbitol and polyoxyethylene or polyethoxylated alcohols with 
long aliphatic chains. 

The fuel compositions of the invention may typically contain up to 50% by weight of the pyrolysis liquid together 
with the diesel oil. The surfactant is usually present in an amount of at least 0.5% and is typically present in amounts 
in the range of about 0.5 to 5% by weight of the fuel composition. 

The pyrolysis liquid used in the composition may be obtained from a wide variety of biomass materials, such as 
wood waste, cardboard, newsprint, straw, bagasse, agricultural residues, rice husks, etc. In the fast pyrolysis procedure, 
the biomass is broken down into small particles for use as feedstock and is very rapidly heated for a very short period 
of time of typically less than two seconds, preferably less than one second, at temperatures in the range of 400-950'C. 
A typical rapid pyrolysis liquid has the composition shown in Table 1 below: 
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Table 1 



Major Components 


Percent by mass 


Water 


20-30 


Lignin Fragments 


15-20 


Aldehydes 


10-20 


Carboxylic Acids 


10-15 


Carbohydrates 


5-10 


Ketones 


1-5 


Phenols 


2-5 


Alcohols 


2-5 



The emulsifier for the Invention is selected from nonionic hydrophllic surfactants with HLB between 4 and 18, 
derived from fatty acids and polyoxyethyfene glycol, or fatty acids, sorbitol and polyoxyethylene or polyethoxylated 
alcohols with long aliphatic chains. Examples of these emulsifiers include ethoxylated anhydrosorbitol fatty acid esters. 
20 polyoxyethylene glycol fatty acid esters and polyoxyethylene "fatty" alcohol ethers. 



Description of the Preferred Embodiments 



2S 



30 



Brief Description of the Drawing 

The drawing which illustrates this invention (Figure 1) is a plot of precipitate formation v storage time for fuels 
according to the invention with varying concentrations in percentages by weight of surfactant. 

Example 1 

A pyrolysis liquid was obtained from Ensyn Technologies Inc. of Greely, Ontario which was obtained by rapid 
pyrolysis of wood feedstocks using a process as described in Free! et al, EP 0.51 3,051. This liquid, referred to here- 
inafter as "bio-fuel" had the following characteristics: 



35 Table 2 



Moisture Content (%) 


23.0 


Solids Content (%) 


2.6 


Dissolved Ash (%) 


0.14 


Density (kg/I) 


1.217 


Viscosity (cSt) 




@ 20''C 


128 


@ 50*C 


13 


Elemental 




Carbon 


55.5 


Hydrogen 


6.7 


Nitrogen 


0.1 


Sulphur 


0.0 


Oxygen (diff.) 


37.7 


Flash Point {*»C) 


66 


Pour Point (°C) 


-27 
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Table 2 (continued) 



Copper Corrosion 


1a 


HHV (MJ/kg) 


17.5 


PH 


3.4 



Water-in-oN microemulsions were formulated by mixing diesel oil, the above bio-fuel and surfactants The sur- 

^urTJ!Z ^[!f' ' ^"^ ""^^^"^^^ ^"^"^"^'^ ^"^^"^^^ The microemulsions were pro- 

duced by adding the surfactants to the bio-fuel and the resulting mixture was then added to the diesel o.l durinq emul- 
sification usinga homogenizer, e.g. one from IKA Werke, Jauke & Kunkel GmbH (S50N - G35M Rotor-Stator System) 
The temperature during mixing was maintained between about 60 and 65»C and the emulsification was continued until 
a clear single phase was obtained. Microemulsions prepared are shown in Table 3 below- 



Table 3 ■ 








Microemulsion Fuel Formulations 


1 Bio-Fuel (wt%) 


Diesel (wt%) 


Hypermer B241 (wt%) 


Hypermer 2296 (wt%) 


Stability (h) 


5 


93 


1 


1 


>2160 


1 


88 


1 


1 


>2160 


20 


78 


1 


1 


>2160 


II 


68 


1 


1 . 


>2160 


II 


58 


1 


1 


>2160 


20 


79 


0.5 


0.5 


See Figure 1 


20 


79.5 


0.25 


0.25 


See Figure 1 


20 


79.8 


0.1 


0.1 


See Figure 1 


20 


79.9 


0.05 


0.05 


See Figure 1 



The main physical properties of the microemulsions of the invention were measured and summarized in Table 4 
One of the important specifications is the flash point (closed cup) which must be above 43°C for No 2 diesel fuel It 
WIN be seen that the flash points for the microemulsion fuels are all above that of No. 2 diesel fuel and they increase 
with increasing bio-fuel concentration. The heat of combustion of the microemulsion fuels decreased by about 5% for 
the addition of every 1 0% of "bio-fuel" of the invention. 

.n.,Jl!LT'°'^'^l °' microemulsion fuels of the invention is mainly controlled by the amount of surfactants used for 
foTml?!»! ?H t ,T T T'^''" °' concentration increases the amount of precipitates 

formed af er the bio-fuel of the invention is stored for a long period of time. The precipitates were easily re-emulsLd 
upon gently shaking of the mixture. For a microemulsion fuel containing 20% by weight of the bio-fuel best results 
were obtained with O.so^ by weight of each of Hypermer B241 and Hypermer 2296, where Hypermer 2296 act mos y 
as co-surfactant to facilitate the emulsification. •nut.ny 
While the reduction of surfactant concentration reduces processing costs, the reduced surfactant concentration 
results ,n unstable emulsions. The reduced surfactants also increases the viscosity of the fuel, resulting inT^^^^^^^ 
power consumption during emulsification. ' '"''"'''"9 'n^^easea 
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Bio- 
Oil/Diesel 
40 (wt%) 


o 

ON 




OO 

a\ 


8601 


N/A 


N/A 


N/A 


V/N 


N/A j 


Bio- 
Oil/Diesel 
30 (wt%) 


CO 


cs 


a\ 


9253 


OO 
1 


CN 
CN 




0.13 


O 


Bio- 
Oil/Diescl 
20 (wt%) 


OO 




OO 


9754 


N/A 


N/A 


N/A 


N/A 


N/A 


Bio- 
Oil/DiescI 
10 (wt%) 


OO 






10274 


OO 
1 


cn 

CN 


CS 


0.02 


o 


Bio- 
Oil/Diesel 5 
(wt%) 


OO 


o 


o 

CN 


10511 


• N/A 


V/N 


N/A 


V/N 


N/A 


Diesel 
Fuel 
Grade 2 


o\ 


OO 

NO 


as 


10738 




OO 
«— < 

1 




o 


o 


ASTM 
test 


D-92 


D-93 


D-92 


ISO- 1928 


D-97 


D-5773 


D-130 


D-482 


D-1796 


j Parameter 


Flash Point 
(open cup) (°C) 


Flash Point 
(closed cup) CO 


Fire Point (°C) \ 


Heat of Combustion 
(cal/g) 


Pour Point CQ 


Cloud Point (°C) 


Corrosion 

(Cu, 3h@I00''C) 


Ash (%wt) 


Water & Sediment 
(%vol) 
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Claims 

1. A pyrolysis liquid-ln-diesel oil m ic roe mu Is ion fuel comprising: 

^ (a) diesel oil in an amount sufficient to form a continuous phase in the composition 

(b) a pyrolysis liquid forming a discontinuous phase in the composition, said pyrolysis liquid being a liouid 
obtained by rapid pyrolysis of biomass; and -i y h 

(c) at least one emulsifier selected from nonionic hydrophilic surfactants with HLB between 4 and 18 derived 
from fatty acids and polyoxy ethylene glycol or fatty acids, sorbitol and polyoxyethylene or polyethoxylated 
alcohols With long aliphatic chains. h y y ^icu 

2. A composition according to Claim 1 containing up to 50% by weight of pyrolysis liquid. 

3. A composition according to Claim 2 containing up to 5% by weight of said surfactant. 

4. A composition according to Claim 3 containing about 0.5 to 5% by weight of said surfactant. 

5. A composition according to Claim 3 wherein the pyrolysis liquid is obtained by pyrolysis of biomass at temperatures 
in the range of 400-950«C for less than 2 seconds at atmospheric pressure. 

6. A composition according to Claim 5 wherein the pyrolysis liquid is obtained from lignocellulosic biomass. 
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